Introduction
============

In the past decade, the use of robotic platforms in surgery has grown exponentially, reaching a fourfold increase in the number of procedures performed worldwide with robotic assistance from 200 000 in 2009 to nearly 900 000 procedures a year in 2017.[@ref1] General surgery has seen the fastest growth of all surgical specialties, and hernia repairs are among the most commonly performed general surgery procedures. This growth occurred despite limited evidence supporting the practice of robotic ventral hernia repair (RVHR). To date, only studies with designs at high risk for bias have been published: no randomized controlled trials assessing RVHR have been published.[@ref2]

Recently, a retrospective national database study published by the Americas Hernia Society Quality Collaborative compared the most commonly performed minimally invasive ventral hernia repair techniques: RVHR with intraperitoneal onlay mesh placement and laparoscopic ventral hernia repair (LVHR) with intraperitoneal onlay mesh placement. This study showed a shorter postoperative hospital length of stay with RVHR (0 days in the RVHR group versus 1 day in the LVHR group; P≤0.001) and no differences in safety or clinical outcomes.[@ref3] Our aim was to validate these findings by doing a randomized controlled trial to compare the clinical and patient centered outcomes between RVHR and LVHR. We hypothesized that RVHR as opposed to LVHR would decrease days in the hospital up to 90 days after surgery.

Methods
=======

We did a multicenter, multi-blinded, randomized controlled trial after obtaining institutional review board approval. Participating centers included Memorial Hermann Hospital System and Lyndon Baines Johnson General Hospital in Houston, Texas. We followed the Consolidated Standards of Reporting Trials (CONSORT) guidelines, and the study was posted in clinicaltrials.gov (NCT03490266).

Eligibility
-----------

We approached patients consecutively presenting to multidisciplinary hernia clinics from April 2018 to February 2019 who were deemed appropriate candidates for elective minimally invasive ventral hernia repair. We have previously published definitions for these criteria.[@ref4] Patients who voluntarily agreed to participate in the study signed a surgical informed consent and a separate research consent before enrollment. We included adult patients (\>18 years old) with a ventral hernia defect less than 12 cm wide on physical examination, who would likely tolerate pneumoperitoneum (for example, no advanced chronic obstructive pulmonary disease or congestive heart failure), with no history of open abdomen or extensive lysis of adhesions for bowel obstruction, and with no active infection such as mesh infection.

We excluded patients with severe comorbid conditions that would likely limit survival beyond two years as judged by a surgeon (for example, advanced cirrhosis or metastatic cancer), patients unlikely to follow up (for example, lives out of state or no phone), and non-English and non-Spanish speakers. We defined the inclusion and exclusion criteria during our study design phase, before the study started, and made no changes after enrollment started.

Data collection and follow-up
-----------------------------

We obtained baseline demographic information from patients who agreed to participate in the study through a full medical history and standardized physical examination during preoperative clinic appointments. Before the start of this randomized controlled trial, we did qualitative research directed at identifying and understanding what factors patients consider to be important during decision making related to the management of their ventral hernias.[@ref5] [@ref6] Among the factors outlined by patients, quality of life and pain were considered the most important variables within their expectations. During our study, patient centered outcomes including abdominal wall quality of life and pain scores were obtained preoperatively and one month postoperatively. Patients were asked to complete the modified Activity Assessment Scale, a validated, hernia specific questionnaire that investigates patients' abdominal wall quality of life through a 12 question survey.[@ref7] [@ref8] These questions explore different domains of quality of life including physical activity and social and psychological wellbeing. Survey responses are normalized to a scale ranging from 1 (poor) to 100 (perfect), with normal abdominal wall quality of life being 80 or greater. The minimal clinically important difference is 7 for a minor change and 14 for a major change.[@ref9] [@ref10] Preoperative pain scores were assessed with a visual analog scale ranging from 0 (no pain) to 10 (worst possible pain); the minimal clinically important difference is 1.[@ref11]

Intervention
------------

Only surgeons experienced in minimally invasive hernia were allowed to participate in the study.[@ref12] The three participating surgeons did both RVHR and LVHR for patients included in this study. Senior residents (postgraduate year 4 and 5) with variable experience in robotic surgery were allowed to assist in the operation at the discretion of the surgeon. Despite their previous experience, our surgeons and teams completed a "ramp-up" period of at least 50 standardized cases per site before the start of this study. The literature has reported wide ranges of suggested numbers of cases to achieve a plateau in performance (for example, 25-75 colorectal cases, 10-95 bariatric cases, and 10-80 solid organ cases), but no consensus exists on the number of hernia repairs a surgeon should do to be proficient or to be an expert.[@ref13] [@ref14] We selected 50 cases for our ramp-up period to ensure that operating room teams and surgeons had optimized workflow and to mitigate any risk of longer operative time and complications associated with a possible "learning curve" effect of the standardized ventral hernia repair technique used for this study. Patients in the "ramp-up" period were not included in this study; however, we reviewed and published our previous clinical experience with robotics to establish a baseline of expertise.[@ref15] [@ref16]

Ventral hernia repairs were performed using conventional approaches recommended by surgical societies.[@ref17] [@ref18] Common steps of both procedures were as follows: the abdomen was entered in the right or left upper abdominal quadrant with an optical trocar; a pneumoperitoneum was created by insufflating the abdomen with CO~2~ to an intra-abdominal pressure of 10\~15 mm Hg; two additional trocars were placed under direct visualization; all anterior abdominal wall adhesions were dissected free; mesh was inserted through a 12 mm port; the hernia defect was closed with 0-polydioxanone; a mid-density hydrogel adhesion barrier coated polypropylene mesh was used; mesh size was selected to provide at least 5 cm of overlap on all sides relative to the hernia defect and was then secured to the anterior abdominal wall through an intraperitoneal onlay mesh placement technique; and the skin was closed with absorbable sutures and dressed with cyanoacrylate glue (supplementary table A). RVHR was performed using three 8-12 mm ports placed along the lateral abdomen, the robotic platform was docked, all adhesions were taken down with robotic scissors and grasper, the fascial defect was closed with 0 locking barbed polydioxanone suture, the mesh was secured intraperitoneally with circumferential running 2-0 barbed polydioxanone suture, and all 12 mm ports were closed with 0-polyglactin 910 suture. LVHR was performed using three 5-12 mm ports, all adhesions were taken down with laparoscopic scissors or a vessel sealing device, the fascial defect was closed with 0-polydioxanone sutures, and mesh was secured intraperitoneally with trans-fascial sutures and a circumferential double crown of permanent tacks. We did not consider bridging the hernia defect, as primary fascial closure has been associated with greater improvement in quality of life and lower seroma rates with no significant difference in pain scores.[@ref19] [@ref20] [@ref21] Peri-operative multi-modal pain management and enhanced recovery practices were used and standardized (supplementary table B).[@ref4]

Randomization, blinding, and outcome assessment
-----------------------------------------------

An independent research assistant randomized patients in a 1:1 allocation ratio to either RVHR or LVHR by using a computer generated variable block randomization schema stratified by surgeon. On the day of surgery, surgeons contacted the research assistant, who determined the treatment allocation through opening of sequentially numbered opaque sealed envelopes. Owing to the nature of the intervention, operating surgeons and the research coordinator who determined the randomization allocation could not be blinded. However, the patient and the rest of the research team, including postoperative outcome assessors, were all blinded to the patients' allocation group.

All patients were scheduled for follow-up at the clinic one month after their procedure. Future long term follow-up is planned. Surgeons blinded to the treatment arms, different from the operating surgeon, did a standardized physical examination with emphasis on the identification of complications including surgical site infections, surgical site occurrences (for example, seromas, hematomas, wound dehiscence), and hernia recurrence. Additional radiographic imaging was obtained on demand; if signs or symptoms (for example, pain, bulging, or palpable abdominal wall mass) on the history and physical examination concerning for possible complications occurred, the outcome assessor ordered a computed tomography scan of the abdomen and pelvis. During each evaluation, patients were also asked to complete the modified Activity Assessment Scale survey and visual analog scale.

Outcomes
--------

We defined the primary outcome as number of days in hospital (overnight stay) at 90 days after surgery, including postoperative and readmission length of stay. Secondary outcomes included: operating room duration defined as incision to skin closure time, surgical site infections, surgical site occurrences, hernia recurrence, reoperation, Clavien-Dindo complication grades, emergency department visits, change in abdominal wall quality of life, change in visual analog scale pain scores, and costs from the healthcare system perspective. One specific Clavien-Dindo complication, enterotomy, unexpectedly seemed to show possible differences. For this reason, we reported enterotomy in the results despite it not being pre-specified. We defined surgical site infections, per the Centers for Disease Control and Prevention guidelines, as being either incisional or organ/space infections; we further subdivided incisional surgical site infections into superficial if involving only the skin and subcutaneous tissue and deep if involving deeper soft tissue, and we defined organ/space infections as those involving any part other than the incised abdominal wall layers.[@ref22] Surgical site occurrences included seromas, hematomas, and wound dehiscences. We defined a seroma as a mass or swelling in the wound caused by the localized accumulation of fluid without signs of surgical site infection, a hematoma as a solid swelling of clotted blood within the tissues, and a dehiscence as a disruption of the surgical wound of any size. We defined reoperation as an unanticipated return to the operating room for complications related to the index operation.[@ref23] [@ref24] We assessed surgical site infections, surgical site occurrences, and recurrence at the one month postoperative clinic visit, whereas readmissions, emergency department visits, reoperations, and other complications were assessed through review of electronic medical records up to 90 days after the index surgery. Costs including all patient visits, admissions, and procedural costs from the operation through the first 90 postoperative days came from the hospital administration accounting system. Cost did not include surgeons' fees or the initial acquisition cost of the robotic or laparoscopic platforms.

Analysis
--------

Three authors (OAO, CP, and EBA) who were not involved in recruitment or data collection did intention to treat analyses for all outcomes. Frequentist analysis of the primary outcome used a negative binomial generalized linear model with the dependent variable of hospital length of stay adjusted for the randomization variable (RVHR *v* LVHR) and stratification variable (surgeon). Secondary outcomes were analyzed using generalized linear models for continuous outcomes and logistic modified Poisson regressions for binary outcomes. Costs were analyzed through generalized linear models with log link and γ distribution.[@ref25] All models included the randomization and stratification variables as covariates.[@ref26] [@ref27] The regression mean differences (coefficients) of these models were exponentiated to estimate the relative rates and 95% confidence intervals. We used analysis of covariance to analyze abdominal wall quality of life and pain scores.[@ref28] We did subgroup analyses of operative duration and costs, planned a priori, including main effects for the intervention group, subgroup variables one at a time (hernia type, hernia area, and surgeon), and their interaction. We did multivariable generalized linear model regression analyses for these outcomes using the same subgroup variables (hernia type, hernia area, and surgeon) to allow risk adjusted interpretation of the results.

No conventionally agreed minimum clinically important difference exists for hospital length of stay after ventral hernia repair; however, considering that most of these procedures are done on an outpatient basis, we believe that a difference of one day between groups would be an important difference, as hospital stay affects costs, reimbursement, and healthcare use. Furthermore, a previous study from the Americas Hernia Society database showed that RVHR was associated with shorter length of stay in hospital by one day (0 days for RVHR versus 1 day for LVHR; P≤0.001).[@ref3] Therefore, we selected a one day difference for our sample size calculation. Assuming a difference in the primary outcome of zero versus one day with a dispersion of three days, a 10% dropout rate, a two sided α of 0.05, and 80% power, we needed at least 120 patients to be randomized. All patients who were enrolled and consented were randomized. Thus, four additional patients who were already consented proceeded with randomization despite our sample size having been achieved. This was approved by the institutional review board. We used the computing environment R version 3.6.0 for all statistical analyses, along with the following extension packages: rstanarm, brms, lme4, and geepack.[@ref29]

Patient and public involvement
------------------------------

This research was supported by patient focus groups that provided input to the program of research. Patients partnered with us for the design of the study, including the burden of the intervention from the patient's perspective as well as outcomes important to the patient. However, patients were not invited to contribute to the data collection or analysis or the writing or editing of this document for readability or accuracy.

Results
=======

We approached 175 eligible patients, of whom 124 were randomized; 65 underwent RVHR and 59 LVHR ([fig 1](#f1){ref-type="fig"}). Most patients were women and of Hispanic or African-American race/ethnicity. Most patients had a body mass index greater than 30, had previous abdominal surgery, and had a small size hernia (\<4 cm width). The baseline demographics of the patient and characteristics of the hernias were similar between the two groups, with the exception of minor imbalances due to chance: more incisional hernias/previous abdominal surgeries in the RVHR group (88% ­*v* 73%) and more recurrent hernias in the LVHR group (12% *v* 25%) ([table 1](#tbl1){ref-type="table"}).

![CONSORT flow diagram. LVHR=laparoscopic ventral hernia repair; RVHR=robotic ventral hernia repair](olao052670.f1){#f1}

###### 

Baseline characteristics of patients. Values are numbers (percentages) unless stated otherwise

  Characteristics                                Total (n=124)   RVHR (n=65)     LVHR (n=59)
  ---------------------------------------------- --------------- --------------- ---------------
  Mean (SD) age, years                           49.1 (13.1)     50.1 (13.3)     48.0 (12.9)
  Female sex                                     85 (69)         48 (74)         37 (63)
  Race/ethnicity:                                                                
   Hispanic                                      95 (77)         50 (77)         45 (76)
   African-American                              15 (12)         6 (9)           9 (15)
   White                                         10 (8)          7 (11)          3 (5)
   Others                                        4 (3)           2 (3)           2 (3)
  Mean (SD) body mass index                      32.1 (5.0)      32.4 (4.6)      31.8 (5.4)
  Obesity[\*](#t1n1){ref-type="table-fn"}        86 (69)         45 (69)         41 (69)
  Recent smoker[†](#t1n2){ref-type="table-fn"}   2 (2)           2 (3)           0 (0)
  Diabetes mellitus                              27 (22)         15 (23)         12 (20)
  ASA class:                                                                     
   1-2                                           84 (68)         42 (65)         42 (71)
   3-4                                           40 (32)         23 (35)         17 (29)
  Previous abdominal surgery                     100 (81)        57 (88)         43 (73)
  Hernia type:                                                                   
   Primary                                       24 (19)         8 (12)          16 (27)
   Incisional                                    100 (81)        57 (88)         43 (73)
  Recurrent                                      23 (19)         8 (12)          15 (25)
  Median (IQR) hernia width, cm                  3.0 (1.5-5.0)   3.0 (2.0-5.0)   3.0 (1.0-4.5)
  Hernia width:                                                                  
   Small (\<4 cm)                                88 (71)         44 (68)         44 (75)
   Medium (4-10 cm)                              29 (23)         18 (28)         11 (19)
   Large (\>10 cm)                               7 (6)           3 (5)           4 (7)

ASA=American Society of Anesthesiologists; IQR=interquartile range; LVHR=laparoscopic ventral hernia repair; RVHR=robotic ventral hernia repair.

Defined as a body mass index \>30.

Defined as current smokers and those who quit within 30 days before surgery.

The median follow-up for all patients was 6.4 (range 1-12) months. At one month after surgery, 123 (99%) patients were evaluated in the clinic. One patient who underwent LVHR could not be seen or contacted by phone or mail and was therefore excluded from the analysis.

Primary fascial closure was achieved using suture only in all patients included in this study. None of the cases required abdominal wall component separation. Surgeon number 1 did 52 (42%) of the procedures (29 RVHR and 23 LVHR), surgeon number 2 did 50 (40%) of the procedures (24 RVHR and 26 LVHR), and surgeon number 3 did 22 (18%) of the procedures (12 RVHR and 10 LVHR). However, this study was stratified by surgeon to ensure balance.

The median number of days in hospital at 90 days after surgery did not differ between groups ([table 2](#tbl2){ref-type="table"}). Details of patients who had postoperative length of stay of one day or longer and those who were readmitted are shown in supplementary table C.

###### 

Intraoperative and one month postoperative clinical outcomes. Values are numbers (percentages) unless stated otherwise

  Outcome                                     RVHR (n=65)     LVHR (n=58)                            P value   Relative rate (95% CI)[\*](#t2n1){ref-type="table-fn"}
  ------------------------------------------- --------------- -------------------------------------- --------- --------------------------------------------------------
  Median days in hospital at 90 days          0               0                                      0.82      0.90 (0.37 to 2.19)
   Postoperative length of stay               0               0                                                
   Readmissions length of stay                0               0                                                
  Days in hospital at 90 days (categories):                                                          0.28      \-
   0 days                                     50 (77)         49 (84)                                          
   1 day                                      9 (14)          4 (7)                                            
   2 days                                     4 (6)           1 (2)                                            
   \>3 days                                   2 (3)           4 (7)                                            
  Mean (SD) operating room duration, min      141 (56)        77 (37)                                \<0.001   62.89[†](#t2n2){ref-type="table-fn"} (45.75 to 80.01)
  Wound class 2-4                             2 (3)           0 (0)                                  0.50      [‡](#t2n3){ref-type="table-fn"}
  Conversion to open repair                   1 (2)           1 (2)                                  0.84      0.76 (0.05 to 11.47)
  Patients readmitted                         1 (2)           3 (5)                                  0.25      0.27 (0.03 to 2.43)
  Patients with emergency room visits         7 (11)          5 (9)                                  0.66      1.28 (0.43 to 3.75)
  Wound complication:                         13 (20)         11 (19)                                0.95      1.02 (0.51 to 2.08)
   Surgical site infection                    0 (0)           1 (2)                                  1.00      
   Seroma                                     13 (20)         8 (14)                                 0.40      
   Hematoma                                   0 (0)           2 (3)                                  1.00      
  Recurrence                                  0 (0)           0 (0)                                  1.00      [‡](#t2n3){ref-type="table-fn"}
  Reoperation                                 0 (0)           1 (2)                                  1.00      [‡](#t2n3){ref-type="table-fn"}
  Clavien-Dindo complications:                14 (22)         11 (19)                                0.80      1.10 (0.54 to 2.24)
   1-2                                        14 (22)         10 (17)                                          
   3-5                                        0 (0)           1 (2)[§](#t2n4){ref-type="table-fn"}             
  Mean (SD) costs, US\$                       15 865 (4879)   12 955 (5636)                          0.004     1.21[¶](#t2n5){ref-type="table-fn"} (1.07 to 1.38)

LVHR=laparoscopic ventral hernia repair; RVHR=robotic ventral hernia repair.

LVHR is control for relative rate calculation.

Mean differences are reported instead of relative rate as variable is continuous and was analyzed with generalized linear model.

Relative rate could not be calculated as no observations in one arm.

Represents incision and drainage of abdominal wall seroma.

Cost ratio is reported instead of relative rate. Adjusted absolute cost difference was \$2767 (95% CI \$910 to \$4626).

RVHR had significantly longer mean operating room times than did LVHR (141 *v* 77 min; P\<0.001) (supplementary tables D1 and D2). Two RVHR cases were complicated with intra-operative inadvertent enterotomy. One patient with an incisional hernia after a Hartmann's procedure and subsequent colostomy takedown for perforated diverticulitis was found to have extensive intra-abdominal adhesions. Owing to concerns about possible enterotomy after extensive adhesiolysis, an exploratory laparotomy was performed. An enterotomy was found, and a small bowel resection and open ventral hernia repair with retromuscular mesh were performed. The second intra-operative enterotomy occurred in a patient with a recurrent ventral hernia after a previous repair with mesh. Several loops of small bowel were adhered to the previous mesh as well as incarcerated into the hernia. After reduction of the bowel, an enterotomy was identified and repaired through a robotic assisted enterorrhaphy. For this case, the hernia was repaired using sutures only without mesh. Although we did not initially consider inadvertent enterotomies in the secondary outcomes as none was anticipated in our trial, we decided to include them as one of the secondary results because of the clinical significance of these findings. Another patient in the LVHR group, with a large "Swiss-cheese" type incisional ventral hernia after a Hartmann's procedure and subsequent colostomy reversal for perforated diverticulitis, needed extensive lysis of adhesions. Owing to concerns about possible enterotomy, an exploratory laparotomy was performed. However, no injury was found and the hernia was repaired through an open approach with mesh ([table 2](#tbl2){ref-type="table"}).

We found no clear evidence of differences in conversions to open surgery, number of readmissions, emergency department visits, wound complications, or other complications. One surgical site infection occurred in a patient in the LVHR group who was treated with antibiotics and one reoperation that consisted of an incision and drainage of an abdominal wall seroma due to concern about surgical site infection. The fluid was clear, and the cultures were negative. At 90 days after surgery, the care of patients undergoing RVHR was significantly more expensive than for LVHR (\$15 865 (£12 746; €14 125) *v* \$12 955; cost ratio 1.21, 95% confidence interval 1.07 to 1.38; adjusted absolute cost difference \$2767, \$910 to \$4626; P=0.004) ([table 2](#tbl2){ref-type="table"} and supplementary tables E1 and E2).

At one month follow-up, the median abdominal wall quality of life scores of patients who underwent RVHR improved by only 3 points, whereas those in the LVHR group had a clinically important increase of 15 points in their median scores ([table 3](#tbl3){ref-type="table"}; supplementary tables F and G). Although confidence intervals are wide, a higher percentage of patients in the RVHR arm had a major worsening in abdominal wall quality of life (28% *v* 14%; relative risk 2.07, 0.98 to 4.41; P=0.058), whereas a higher percentage of patients in the LVHR group had a major improvement in abdominal wall quality of life (44% *v* 53%; relative risk 1.20, 0.83 to 1.74; P=0.33). We found no clear evidence of a difference in change of pain scores between groups at one month postoperative follow-up.

###### 

Patient centered outcomes

                                          RVHR (n=64)   LVHR (n=59)   Difference in median (95% CI)                          P value
  --------------------------------------- ------------- ------------- ------------------------------------------------------ ---------
  **Median (IQR) AW-QOL scores (mAAS)**                                                                                      
  Baseline                                48 (27-71)    45 (12-63)    \-                                                     \-
  Follow--up                              52 (37-68)    65 (36-86)    8.25 (--1.75 to 20.00)                                 0.13
  Change                                  3 (--16-24)   15 (--4-38)   11.00 (--0.33 to 21.08)                                0.06
  ANCOVA                                                              --9.15 (--18.57 to 0.26)                               0.06
  **No (%) in AW-QOL change category**                                                                                       
  Worsened:                               22 (34)       12 (20)       1.69[\*](#t3n1){ref-type="table-fn"} (0.92 to 3.10)    0.22
   Major worsening (\<--14)               18 (28)       8 (14)                                                               
   Minor worsening (\<--7)                4 (6)         4 (7)                                                                
  Improved:                               30 (47)       34 (58)       0.81[\*](#t3n1){ref-type="table-fn"} (0.58 to 1.14)    
   Major improvement (\>14)               28 (44)       31 (53)                                                              
   Minor improvement (\>7)                2 (3)         3 (5)                                                                
  No change                               12 (19)       13 (22)       0.85[\*](#t3n1){ref-type="table-fn"} (0.42 to 1.71)    
  **Median (IQR) pain scores (VAS)**                                                                                         
  Baseline                                3.0 (0-6)     3.5 (0-6)     \-                                                     \-
  Follow--up                              4.0 (2-6)     4.0 (0-6)     0.00 (--0.00 to 1.00)[†](#t3n2){ref-type="table-fn"}   0.43
  Change                                  0 (--1-3)     0 (--2-2)     0.00 (--0.00 to 1.00)[†](#t3n2){ref-type="table-fn"}   0.59
  ANCOVA                                                              0.42 (--0.58 to 1.42)                                  0.40

ANCOVA=analysis of covariance; AW-QOL=abdominal wall quality of life; IQR=interquartile range; mAAS=modified Activity Assessment Scale (range from 1=poor to 100=perfect; minimal clinically important difference (MCID)=7); LVHR=laparoscopic ventral hernia repair; RVHR=robotic ventral hernia repair; VAS=visual analog scale (range from 0=no pain to 10=worst possible pain; MCID=1).

Relative risk is reported instead of difference in median as variable is categorical.

Confidence interval could not be accurately calculated owing to extremely small differences in medians.

Discussion
==========

This is the first multicenter randomized controlled trial comparing both clinical and patient centered outcomes between RVHR and LVHR. No evidence of a difference in length of stay was found between the groups. However, RVHR needed nearly twice as much operative time and increased costs to the healthcare system (even without accounting for the elevated acquisition costs of the robotic platform and equipment estimated at \$0.5-2.5m per platform and maintenance costs estimated at \$80 000-190 000 per platform per year).[@ref30] [@ref31] [@ref32] In addition, we found no clinical, patient centered, or economic benefit to RVHR compared with LVHR. The results of this study are in line with most other comparative studies published from large datasets comparing RVHR and LVHR: no clinical benefit, with increased operative duration and healthcare costs.[@ref33] [@ref34] [@ref35] [@ref36]

This study unexpectedly found more enterotomies with RVHR (3% *v* 0% with LVRH). This outcome was not pre-specified (it was unexpected), was not statistically significant, and could be due to chance or a true finding. Therefore, we believe that a larger study is needed to corroborate this finding. Given our study results and assuming that the true effect size is 50% lower (that is, 2% *v* 0.5% risk of enterotomy), 1720 patients would be needed for an appropriately powered study to detect a true difference. Considering that more than 400 000 ventral hernia repairs are done each year in the US, along with more than 6000 patients reported in the literature as having had RVHR, and that our results show no clinical benefit, larger multicenter randomized controlled trials are justified to assess the safety, efficacy, and effectiveness of RVHR before its further adoption.

During robotic intraperitoneal onlay mesh placement repair, the mesh is commonly fixated using a running suture. Alternatively, for laparoscopic repair, four cardinal sutures are commonly used, along with tacks in a single or double crown. We chose the most common surgical techniques endorsed by major surgical societies and acknowledge that some of the findings (operating room duration, patient centered outcomes) observed in our trial may be related to different fixation techniques. Multiple small randomized controlled trials have assessed mesh fixation in laparoscopic repair, resulting in systematic reviews showing conflicting results. When only studies at low risk of bias (that is, well performed randomized controlled trials) have been evaluated, no differences among the different mesh fixation methods has been clearly shown, except that fibrin glue fixation alone may increase hernia recurrence rates.[@ref37] [@ref38] [@ref39] [@ref40] [@ref41] Proponents of RVHR quote improved patient centered outcomes through a decrease in pain secondary to suturing rather than tacking of the mesh.[@ref42] However, our study did not support these results. At one month after surgery, LVHR was associated with a statistically non-significant improvement in abdominal wall quality of life compared with RVHR. We found no difference in pain scores. These findings may change over time, so we plan to publish long term follow-up results in the future.

New innovations can be disruptive in both a positive and a negative fashion. For example, an era of smaller incisions, fewer incisional hernias, improved quality of life for patients, shorter length of stay in hospital, improved recovery, and improved return to work came with the introduction of laparoscopy. However, during its early adoption, laparoscopy also resulted in more major complications such as enterotomies, bile duct injuries, and major vascular injuries. Although robotics will probably be the future of surgery in the long term, the current technology does not seem to be superior to a skilled laparoscopic surgeon for ventral hernia repair and may in fact be inferior. With time, as the technology improves, robotics may surpass skilled surgeons. However, for now, RVHR does not seem to be justified, and its use should be limited to centers conducting randomized controlled trials.

Strengths and limitations of study
----------------------------------

This study has several strengths. The main strength is a study design with a low risk of bias, as patients were randomly assigned to their treatment just before the operation, and both patients and postoperative outcome assessors were blinded to the allocation. To increase the generalizability of our results to a diversity of patients, we designed our study with wide inclusion criteria. Another key strength of our study is the completion of a ramp-up period before the start of the trial to ensure optimal workflow and limit the learning curve effect of the standardized technique used for this study. Lastly, a high rate of follow-up was achieved, and although this is common for short term outcomes, we are doing one year, three year, and five year follow-ups to assess long term outcomes such as recurrence of hernia and quality of life and pain scores, and we plan to publish these in a later manuscript.

We acknowledge some limitations to this study. The study was carried out by experts in minimally invasive surgery, so the generalizability of these results to surgeons with lower volumes of such surgery may be limited. However, given the relation between case volume and outcomes, imagining that outcomes may be worse among surgeons with lower volumes is reasonable. Most hernia defects included in our study were small to medium in size. Some surgeons argue that the advantage of robotic ventral hernia repair is seen in patients with larger hernias that may need abdominal component separation techniques (for example, transversus abdominis release) to achieve primary fascial closure. However, no high quality studies have been done in this population to validate this statement. Furthermore, many more RVHRs are performed on small and medium size hernias. Thus, we chose to investigate this patient population first as results would have the greatest applicability and affect a larger number of patients. In addition, we included both primary ventral and ventral incisional hernias, which may have different outcomes. However, on subgroup analysis, this variable did not affect the findings. Moreover, during this trial we placed the mesh in the intraperitoneal location, which is the most common approach for small, uncomplicated ventral hernias. Mesh placement in the retrorectus space has been found to be the location associated with fewest hernia recurrences and surgical site infections during open ventral hernia repair[@ref43]; however, randomized trials designed to compare alternate mesh positions during robotic or laparoscopic repair are lacking. Proponents argue that another advantage of robotic repair is to allow easier placement of mesh in spaces other than intraperitoneally (for example, preperitoneal, retrorectus), and interest in techniques such as extended view total extraperitoneal repair and trans-abdominal preperitoneal repair has been increasing. However, only a limited number of surgeons are using these approaches, and only studies at high risk of bias (for example, retrospective reviews and case series) have been published on these topics.[@ref44] [@ref45] [@ref46] We advocate for future randomized trials to assess RVHR of large hernias and approaches other than the intraperitoneal onlay mesh placement technique before widespread dissemination and adoption. Finally, to increase the precision of our estimates, length of stay could have been measured in hours instead of days. However, what the minimum clinically important difference is for hours rather than days in the context of ventral hernia repair is unclear.

Conclusion
----------

This is the first randomized controlled trial comparing robotic versus laparoscopic ventral hernia repair. Among patients undergoing minimally invasive ventral hernia repair, we found no evidence of a difference in 90 day postoperative hospital days between robotic and laparoscopic repair. Furthermore, robotic surgery nearly doubled operating room time and significantly increased the cost of healthcare. Larger multicenter trials are needed before widespread adoption of robotic ventral hernia repair can be recommended.

What is already known on this topic
===================================

1.  A retrospective national database study comparing robotic versus laparoscopic ventral hernia repair showed a shorter postoperative hospital length of stay with robotic repair

2.  No differences in clinical outcomes were reported

3.  However, no randomized controlled trials have been conducted to corroborate these findings

What this study adds
====================

1.  Compared with laparoscopic ventral hernia repair, robotic repair did not decrease length of stay, nearly doubled operating room time, and significantly increased cost of healthcare

2.  This was the case even without accounting for acquisition and maintenance costs of the robot
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